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(54) DISPLAY DEVICE 

(57) In a display device in accordance with the 
present invention, each pixel includes a plurality of lumi- 
nescent elements having different luminous intensities 
to represent gray scales by controlling the turning 
ON/OFF of the luminescent elements. A digital signal is 
transmitted to each pixel to carry out control by thin film 
transistors connected in series with the luminescent ele- 
ments. The luminous intensities of the luminescent ele- 
ments are the geometric progressions of a common 
ratio of 2. The ON resistance of the thin film transistors 
is set to be lower than the ON resistance of the lumines- 
cent elements, while the OFF resistance of the thin film 
transistors is set to be higher than the OFF resistance of 
the luminescent elements. These features have 
reduced the nonunifbrmity in the luminous intensities of 
the luminescent elements caused by the nonunifbrmity 
in the conductance of the transistors, thus achieving 
improved image quality. 
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Description 

Field of the Invention 

[0001] The present invention relates to a display 
device equipped with a display element and, more par- 
ticularly, to a display device equipped with an element 
that emits light by means of a thin film transistor and 
current (hereinafter referred to as a "current lumines- 
cent display device"). 

Background Art 

[0002] A thin film transistor organic electrolumines- 
cent device (hereinafter referred to as "TFT-OELD") 
may be cited as a highly promising future current lumi- 
nescent display device that realizes a larger size, higher 
definition, a wider viewing angle, and reduced power 
consumption. 

[0003] A method for driving a typical conventional 
TFT-OELD will be described. 

[0004] Figure 5 shows an equivalent circuit of the con- 
ventional TFT-OELD. Only one pixel is shown in the 
drawing although there are actually many pixels in a plu- 
rality of rows and a plurality of columns. 
[0005] A pulse is output from a shift register 101 , and 
an analog signal of an analog signal supply line 1022 is 
transmitted to a source line 1042 via a transmission 
switch 1032. For a gate line 109 that has been selected 
this time, the analog signal is transmitted to a retention 
capacitor 1062 via a switching transistor 1052. The con- 
ductance of a current transistor 1072 is controlled in 
accordance with the analog signal, and an organic EL 
element 1082 emits light of an intensity level based on 
the analog signal. 

[0006] Figure 6 illustrates the conventional TFT-OELD 
driving method. 

[0007] A pulse SR0 of a shift register of a zero-th col- 
umn causes an analog signal A to be transmitted to a 
potential SO of a source line of a zero-th column. Fur- 
ther, a pulse SR1 of a shift register of a first column 
causes the analog signal A to be transmitted to a poten- 
tial S1 of a source line of the first column. First, while a 
pulse GO of a gate line of. the zero-th row is being 
applied, the potential SO of the source line of the zero-th 
column is transmitted to a potential COO of a retention 
capacitor of the zero-th row and the zero-th column, 
whereas the potential S1 of the source line of the first 
column is transmitted to a potential C01 of a retention 
capacitor of the zero-th row and the first column. Then, 
while a pulse G1 of a gate line of the first row is being 
applied, the potential SO of the source line of the zero-th 
column is transmitted to a potential C10 of a retention 
capacitor in the first row and the zero-th column, 
whereas the potential S1 of the source line of the first 
column is transmitted to a potential C1 1 of a retention 
capacitor in the first row and the first column. Each 
organic EL element 1082 (Fig. 5) emits light of a prede- 



termined intensity level in accordance with the potential 
of each retention capacitor 1062 (Fig. 5), i.e., the corre- 
sponding analog signal A. 

[0008] An area gray scale method is known as one of 

5 the driving methods of a liquid crystal display device. In 
general, a liquid crystal display device has a problem of 
a limited viewing angle range due to a marked change 
in the transmissivity or the reversal of gray scale in a 
direction of a viewing angle that deviates from the direc- 

10 tion of the normal line with respect to a display surface. 
The foregoing area gray scale method is intended to 
solve the problem, and it is adapted to represent a gray 
scale in terms of an area ratio of full transmission to no 
transmission. This realizes a wider viewing angle range 

15 of a liquid crystal display device. 

[0009] According to the conventional TFT-OELD driv- 
ing method mentioned above, the analog signals are 
used to control the conductance of the current transistor 
1072 so as to control the luminous intensity of the 

20 organic EL element 1082. In other words, to obtain a 
halftone, the conductance of the current transistor 1072 
must be set to be equal to the conductance of the 
organic EL element 1082, and the voltage applied to the 
organic EL element 1082 must be controlled by dividing 

25 the voltages of the current transistor 1072 and the 
organic EL element 1082. In such a case, however, 
there has been a problem in that, if nonuniformity in the 
conductance of the current transistor 1072 should be 
produced within a panel or between panels, then the 

30 nonuniform conductance will be visually recognized in 
the form of nonuniform luminous intensity of the organic 
EL element 1082. 

[0010] Accordingly, an object of the present invention 
is to reduce the nonuniformity in the luminous intensity 
35 of a luminescent element (an organic EL element in par- 
ticular) caused by the nonuniformity in the conductance 
of transistors in a current luminescent display device, 
particularly in a TFT-OELD, thereby to improve image 
quality. 

40 

Disclosure of the Invention 

[001 1] A display device in accordance with the present 
invention has the following configuration. 
45 [0012] The display device has a plurality of scanning 
lines, a plurality of signal lines, and a pixel formed in a 
matrix pattern by the scanning lines and the signal lines, 
a plurality of thin film transistors and a plurality of lumi- 
nescent elements being formed in the pixel; 

50 

wherein the thin film transistors and the lumines- 
cent elements are respectively connected in series, 
and the luminous intensities of the respective lumi- 
nescent elements are different. 

55 

[001 3] This permits the gray scale method to be imple- 
mented, in which each of the luminescent elements 
having the different luminous intensities is controlled to 
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be placed in either a completely ON state or a com- 
pletely OFF state. With this arrangement, the nonuni- 
formity in the luminous intensity of the luminescent 
elements caused by the nonunifbrmity in the conduct- 
ance of the thin film transistors can be reduced. 
[0014] In the present invention, the turning ON/OFF of 
the luminescent elements are preferably controlled by 
digital signals. This makes it possible to control each of 
a plurality of luminescent elements having a different 
luminous intensity in each pixel so as to place it in either 
the completely ON state or the completely OFF state. 
[0015] In the present invention, the luminous intensi- 
ties of the luminescent elements are preferably the geo- 
metric progressions of a common ratio of 2. This will 
provide each pixel with a DA converter, making it possi- 
ble to obtain the luminous intensity characteristics 
based on digital signals. 

[0016] In the present invention, it is preferable that the 
ON resistance of the thin film transistors is lower than 
the ON resistance of the luminescent elements, while 
the OFF resistance of the thin film transistors is higher 
than the OFF resistance of the luminescent elements. 
With this arrangement, the ON state and the OFF state 
of the luminescent elements can be switched by switch- 
ing the ON state and the OFF state of the thin film tran- 
sistors. More preferably, the ON resistance of the thin 
film transistors is so low that it may be ignored, as com- 
pared with the ON resistance of the luminescent ele- 
ments. At this time, the current passed through the 
luminescent elements is determined only by the ON 
resistance of the luminescent elements, so that it is 
independent of some increase or decrease in the ON 
resistance of the thin film transistors. This suppresses 
the nonuniformity in the luminous intensity resulting 
from the nonuniformity of the conductance of the tran- 
sistors. Further preferably, the OFF resistance of the 
thin film transistors is far higher than the OFF resistance 
of the luminescent elements. Thus, the luminescent ele- 
ments can be securely placed in the OFF state. 
[0017] In the present invention, the thin film transistors 
are preferably polycrystalline silicon thin film transistors 
produced at a low temperature process at 600 degrees 
Celsius or lower. This makes it possible to implement 
larger areas at low cost and also to achieve such fea- 
tures as high mobility for enabling the luminescent ele- 
ments to be driven and high reliability. 
[0018] In the present invention, the luminescent ele- 
ments are preferably organic electroluminescent ele- 
ments produced by an ink-jet process. With this 
arrangement, it is possible to pattern an organic electro- 
luminescent element, which achieves outstanding char- 
acteristics including high luminous efficiency and long 
service life, on a panel. 



Brief Description of the Drawings 
[0019] 

5 . Fig. 1 is an equivalent circuit diagram of a TFT- 
OELD of a first embodiment in accordance with the 
present invention. 

Fig. 2 provides a top plan view and a sectional view 
of the TFT-OELD of the first embodiment in accord- 
10 ance with the present invention. 

Fig. 3 is a view showing a driving method for the 
TFT-OELD of the first embodiment in accordance 
with the present invention. 

Fig. 4 is an equivalent circuit diagram of a TFT- 
15 OELD of a second embodiment in accordance with 
the present invention. 

Fig. 5 is an equivalent circuit of a conventional TFT- 
OELD. 

Fig. 6 is a diagram illustrative of a driving method 
20 for the conventional TFT-OELD. 

Description of Reference Numerals 





[0020] 




25 








101 


Shift register 




10210 


Zero-th bit digital signal supply line 




10211 


First-bit digital signal supply line 




10212 


Second-bit digital signal supply line 


30 


10213 


Third-bit digital signal supply line 




1022 


Analog signal supply line 




10310 


Zero-th bit transmission switch 




10311 


First-bit transmission switch 




10312 


Second-bit transmission switch 


35 


10313 


Third-bit transmission switch 




1032 


Transmission switch 




10410 


Zero-th bit source line 




10411 


First-bit source line 




10412 


Second-bit source line 


40 


10413 


Third-bit source line 




1042 


Source line 




10510 


Zero-th bit switching transistor 




10511 


First-bit switching transistor 




10512 


Second-bit switching transistor 


45 


10513 


Third-bit switching transistor 




1052 


Switching transistor 




10610 


Zero-th bit retention capacitor 




10611 


First-bit retention capacitor 




10612 


Second-bit retention capacitor 


50 


10613 


Third-bit retention capacitor 




1062 


Retention capacitor 




10710 


Zero-th bit current transistor 




10711 


First-bit current transistor 




10712 


Second-bit current transistor 


55 


10713 


Third-bit current transistor 




1072 


Current Transistor 




10810 


Zero-th bit organic EL element 




10811 


First-bit organic EL element 
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10812 Second-bit organic EL element 

1 081 3 Third-bit organic EL element 
1082 Organic EL element 

109 Gate line 

1 090 Gate line for lower-order bits 

1091 Gate line for higher-order bits 

110 Common electrode 

1 1 1 Upper electrode 

SR0 Pulse of shift register of zero-th column 
SR1 Pulse of shift register of first column 
DO Zero-th bit digital signal 
D1 First-bit digital signal 
A Analog signal 

500 Potential of source line of zero-th column and 
zero-th bit 

501 Potential of source line of zero-th column and 
first bit 

510 Potential of source line of first column and 
zero-th bit 

511 Potential of source line of first column and first 
bit 

50 Potential of source line of zero-th column 

51 Potential of source line of first column 
GO Pulse of gate line of zero-th row 

G1 Pulse of gate line of first row 

C000 Potential of retention capacitor of zero-th row, 

zero-th column, and zero-th bit 
C001 Potential of retention capacitor of zero-th row, 

zero-th column, and first bit 
C01 0 Potential of retention capacitor of zero-th row, 

first column, and zero-th bit 
C01 1 Potential of retention capacitor of zero-th row, 

first column, and first bit 
C100 Potential of retention capacitor of first row, 

Zero-th column, and zero-th bit 
C101 Potential of retention capacitor of first row, 

zero-th column, and first bit 
C1 1 0 Potential of retention capacitor of first row, first 

column, and zero-th bit 
C1 1 1 Potential of retention capacitor of first row, first 

column, and first bit 
COO Potential of retention capacitor of zero-th row 

and zero-th column 
C01 Potential of retention capacitor of zero-th row 

and first column 
C10 Potential of retention capacitor of first row and 

zero-th column 
C 1 1 Potential of retention capacitor of first row and 

first column 

Best Mode for Carrying Out the Invention 

[0021] Embodiments of the present invention will be 
described with reference to the accompanying draw- 
ings. 



(First Embodiment) 
[0022] 

5 Figure 1 is an equivalent circuit diagram of a TFT- 

OELD of a first embodiment in accordance with the 
present invention. Although only one pixel is shown 
in the drawing, there are many pixels arranged in a 
plurality of rows and a plurality of columns in an 

10 actual device. 

When a pulse is output from a shift register 
101, digital signals of digital signal supply lines 
10210 through 10213 of zero-th through third bits 
are transmitted to source lines 10410 through 

15 10413 via transmission switches 10310 through 
10313 of the zero-th through third bits. In other 
words, the digital signals are transmitted to each 
pixel. For a gate line 109 that has been selected at 
this time, the digital signals are respectively trans- 

20 mitted to retention capacitors 10610 through 10613 
of the zero-th through third bits via switching tran- 
sistors 10510 through 10513 of the zero-th through 
third bits, respectively. Current transistors 10710 
through 10713, which are thin film transistors, and 

25 organic EL elements 10810 through 10813, which 
are current elements, are respectively connected in 
series. Hence, the ON/OFF control of the current 
transistors 10710 through 10713 of the zero-th 
through third bits are conducted by the digital sig- 

30 nals so that the organic EL elements 10810 through 
10813 of the zero-th through third bits emit light or 
emit no light in response to the digital signals. 
Figure 2 provides a top plan view and a sectional 
view of the TFT-OELD of the first embodiment in 

35 accordance with the present invention. 

The organic EL elements 10810 through 10813 
of the zero-th through third bits, which are lumines- 
cent elements, have different areas to provide dif- 
ferent luminous intensity levels, permitting the so- 

40 called area gray scale method to be implemented. 
In addition, the areas or the luminous intensities are 
set to the geometric progressions of a common 
ratio of 2 so as to provide each pixel with a DA con- 
verter. 

45 In this embodiment, polycrystalline silicon thin 

film transistors that have been produced at a low- 
temperature process of 600 degrees Celsius or 
below are used as the thin film transistors making 
up the shift register 101, the transmission switches 

50 10310 through 10313 of the zero-th through third 
bits, the switching transistors 10510 through 10513 
of the zero-th through third bits, and the current 
transistors 10710 through 10713, etc.; however, 
other elements may be used as long as they have 

55 equivalent functions. The organic semiconductor 
films constituting the organic EL elements 10810 
through 10813 of the zero-th through third bits are 
formed using the so-called ink-jet process in which 
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a liquid material is discharged from an ink-jet head; 
however, current luminescent elements formed by a 
different process or current luminescent elements 
other than the organic EL elements may be 
employed instead. s 
Figure 3 illustrates the driving method of the TFT- 
OELD of the first embodiment in accordance with 
the present invention. 

A pulse SRO of a shift register of a zero-th col- 
umn causes digital signals DO and D1 of the zero-th 10 
and first bits to be transmitted to potentials S00 and 
S01 of source lines of the zero-th and first bits in the 
zero-th column. Further, a pulse SR1 of a shift reg- 
ister of a first column causes the digital signals DO 
and D1 of the zero-th and first bits to be transmitted 15 
to potentials S10 and S11 of source lines of the 
zero-th and first bits in the first column. While a 
pulse GO of a gate line of the zero-th row is being 
applied, potentials S00 and S01 of source lines of 
the zero-th and first bits in the zero-th column are 20 
transmitted to potentials C000 and C001 of reten- 
tion capacitors of the zero-th and first bits in the 
zero-th row and the zero-th column, while potentials 
S10 and S1 1 of source lines of the zero-th and first 
bits in the first column are transmitted to potentials 25 
C010 and C011 of retention capacitors of the zero- 
th and first bits in the zero-th row and the zero-th 
column. Then, while a pulse of a first-row gate line 
is being applied, potentials S00 and S01 of the 
source lines of the zero-th and first bits in the zero- 30 
th column are transmitted to potentials C100 and 
C101 of retention capacitors of the zero-th and first 
bits in the first row and the zero-th column, while 
potentials S10 and S11 of the source lines of the 
zero-th and first bits in the first column are transmit- 35 
ted to potentials Ct 10 and C1 1 1 of retention capac- 
itors of the zero-th and first bits in the first row and 
the first column. The respective organic EL ele- 
ments emit light or emit no light in accordance with 
the potentials of the respective retention capacitors, 40 
i.e., the corresponding digital signals. 

In this case, the resistance of the current tran- 
sistors in the ON state is sufficiently small to be 
ignored as compared with that of the organic EL 
elements in the ON state. Hence, the current pass- 45 
ing through the organic EL elements depends only 
on the resistance of the organic EL elements with 
respect to the voltage between a common elec- 
trode 110 and an upper electrode 111, and it is 
independent from some increase or decrease in the so 
resistance of the current transistors. Hence, the 
nonunifbrmity in the luminous intensity caused by 
the nonunifbrmity in the conductance of the transis- 
tors can be suppressed. Further, the resistance of 
the current transistors in the OFF state is substan- 55 
tially higher than the resistance of the organic EL 
elements in the OFF state. This makes it possible to 
securely put the organic EL elements in the OFF 



state. 
(Second Example) 
[0023] 

Figure 4 is an equivalent circuit diagram of a TFT- 
OELD of a second embodiment in accordance with 
the present invention. 

The operations, functions, and advantages of 
the TFT-OELD of this embodiment are almost iden- 
tical to those of the first embodiment. In this embod- 
iment, however, a gate line 109 is divided into a 
gate line 1090 for lower-order bits that is assigned 
the functions of zero-th and first bits and a gate line 
1091 for higher-order bits that is assigned the func- 
tions of second and third bits. This makes it possi- 
ble to reduce the number of digital supply lines and 
the number of transmission switches and source 
lines per column from four to two. However, the fre- 
quencies of the scanning signals of the gate lines, 
the pulses of the shift register, and the digital sig- 
nals will be doubled. 

(Application Example) 

[0024] The present invention is intended to reduce the 
nonunifbrmity in the luminous intensity of luminescent 
elements caused by the nonunifbrmity in the conduct- 
ance of transistors in a current luminescent display ele- 
ment and therefore it is intrinsically different from the 
area gray scale method of the liquid crystal display ele- 
ment mentioned in "Background Art." In fact, current 
luminescent display elements do not even need to have 
different areas as long as they have different luminous 
intensity levels. Their structures, however, have similar 
aspects. Therefore, many embodiments disclosed in 
relation to the area gray scale method of liquid crystal 
display elements can be applied to the gray scale 
method in accordance with the present invention, and 
similar advantages to those of the disclosed embodi- 
ments can be expected. 

Industrial Applicability 

[0025] Having the advantages described above, the 
present invention is ideally used with a display device 
equipped with elements that emit light by means of thin 
film transistors and current. As the light emitting ele- 
ments, organic electroluminescent elements, for exam- 
ple, can be used. Further, a display device to which the 
present invention has been applied can be used not 
only for a personal computer for personal use, and a 
portable electronic pocketbook but also for information 
display equipment including an outdoor large bulletin 
board and an advertisement signboard. 
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Claims 

1. A display element comprising a plurality of scan- 
ning lines, a plurality of signal lines, and a pixel 
formed in a matrix pattern by the scanning lines and 5 
the signal lines, a plurality of thin film transistors 
and a plurality of luminescent elements being 
formed in the pixel; 

wherein the thin film transistors and the lumi- w 
nescent elements are respectively connected 
in series, and the luminous intensities of the 
respective luminescent elements are different. 

2. A display device according to Claim 1 , wherein the 15 
turning ON/OFF of the luminescent elements is 
controlled by a digital signal. 

3. A display device according to Claim 1, wherein 
luminous intensities of the luminescent elements 20 
are geometric progressions of a common ratio of 2. 

4. A display device according to Claim 1 , wherein ON 
resistance of the thin film transistors is lower than 
ON resistance of the luminescent elements, while 25 
OFF resistance of the thin film transistors is higher 
than the OFF resistance of the luminescent ele- 
ments. 

5. A display device according to Claim 1 , wherein the 30 
thin film transistors are polycrystalline silicon thin 
film transistors produced at a low temperature proc- 
ess at 600 degrees Celsius or below. 

6. A display device according to Claim 1 , wherein the 35 
luminescent elements are organic electrolumines- 
cent elements produced by an ink-jet process. 
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[FIG. i] 
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[FIG. 2) 
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[FIG. 3 J 
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(FIG. 4] 



^-101 

n 




10 



EP 0 949 603 A1 



[FIG. 5] 
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[FIG. 6] 
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